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Dear Examiner Johnson, 

Thank you for finding the time for an interview on such short notice. We appreciate your 
exceptional efforts to assist the applicants. Attached with this fax is a comparison with the cited 
Wieland reference. We will call you at 2 PM, Wednesday Dec. 8 for the interview to discuss this 
comparison. 
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Comparison of MeOH Steam Reforming Catalyst with U.S. 
Patent 6,413,449 



1. Analysis of Relevant Information from U.S. Patent 6,413,449 

a) In Wieland's patent, conversion of McOH is not given. They report catalyst 
performance based on C0 2 selectivity and hydrogen productivity. In the patent, C0 2 
selectivity is defined as S C o2=Pco2/(Pco2 + Pco), hydrogen productivity is defined as 
Pcat = V H 2/Mcat.t[Nm 3 /kg cat .h] . 

b) Because of high C0 2 selectivity is obtained, steam reforming reaction is dominate: 
CH 3 OH + H 2 0 ->3 H 2 + CO2 

This means, when 1 mol methanol is converted, 3 mol of hydrogen will be produced. 

c) On page 8 of the patent, it is indicated that catalysts are all examined at LHSV=5 h' 
1 (total LHSV=8.3 YT) which is equivalent to 5 ml MeOH/ml catalyst, h. Based on this 
number, the maximum H 2 productivity per volume of catalyst per hour can be calculated 
as follow: 

Maximum H 2 productivity (ml MeOH/ml catalyst, h) x 0.791 (g/ml )/32 (g/mol) * 3 
(mol H 2 ) * 22414 ml= 8310 ml/ml catalyst, h. 

This is the H 2 productivity at 1 00% MeOH conversion 

2. Performance Comparison 

In order to make a fair comparison on catalyst performance, we should express hydrogen 
productivity on per catalyst volume basis (H^ml catalyst .h), not on weight basis. This is 
because the volume of catalyst is important in determining the efficiency of reformer. 
The productivity based on weight of catalyst or weight of Pd can only be used for kinetic 
study but may not precisely reflect efficiency of reformer, especially when catalysts of 
different density are compared. The following comparisons are made by assuming the 
best scenario for Wieland's patent. 

From Wieland's Patent- 
As shown in Table 1 of Example 1, on raising temperature from 300 to 400°C, the 
hydrogen productivity continues to increase. This implies that at 300°C, the conversion is 
not 100%. As a result, we can calculate the best scenario by assuming that 100% 
conversion is reached at 400°C. That means, at 300°C, only 57% MeOH conversion is 
obtained (37.8/66.2=57%, data from column 4 of Table 1). 

Therefore, productivity of H 2 at 300°C= 0.57 * Maximum Productivity=4737 ml/ ml 
catalyst, h. 
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From Our Patent Application: 

As shown in Attached Table, at 284°C and LHSV=30.5h l , methanol conversion of 99.9 
% and hydrogen productivity of 29,000 ml/ ml catalyst, h are obtained, respectively. 
This clearly indicates that higher productivity achieved on our catalyst is not simply 
caused by operating at high throughput, otherwise we will not achieve 100% conversion. 
It is because the unique catalytic properties, allowing to operate at high turn over rate to 
achieve high productivity. 

In fact, to compare our catalyst at 100% conversion with Wieland' s at 57% conversion 
has put us in unfavorable conditions. The following is an exercise to compare our catalyst 
with the U.S. patent at the same methanol of conversion level of 57%. We know from 
Table 1 that, at 284°C and LHSV=30.5 h"\ 99.9% conversion is achieved. By pushing 
the feed rate up (increase LHSV), conversion is going to decrease. The question is, at 
what LHSV, 57% conversion is going to be achieved. By assuming first order kinetics, 
which is commonly accepted for steam reforming reaction, we have calculated that feed 
rate should be increased to LHSV=249.6 h" 1 in order to reach 57% conversion (See 
Appendix). 

At LHSV=249.6 h*\ and 57% conversion, hydrogen productivity is 131,400 ml/ml 
catalyst, h, this is even higher than what we reported at 100% conversion (29,000 ml/ml 
catalyst, h) 

In conclusion, our powder catalyst is much more active than those mentioned in 
Wieland' s patent. 

Wieland 's Catalyst Hydrogen Productivity at 150ms. ^ ^ 

First we need to calculate WHSV Me oH at 150 ms, then use first order kinetics to calculate 
MeOH conversion at this contact time, and hydrogen productivity will be easy to 
calculate. 

150ms is equivalent to total GHSV=24,000h~\ which is total feed rate of 24,000 ml/ml 
catalyst.h. 

This can be converted into total feed rate of 1 .071 mol /ml catalyst, h . (24000/22400). 

Because H 2 0/MeOH =1.5 (mol/mol), the above feed rate is equivalent to : (0.43 mol 
MeOH +0.641 mol H 2 0)/ml cat. H. 

So, at 150 ms, MeOH feed rate: WHSV Mc0H = 0.43 mol/ml cat.h-13.76 g/ml cat.h. 

As discussed in the previous section, at 300°C, LHSV=5 h' 1 (WHSV Mc oh=3.95 g/ ml 
cath), conversion of Wieland catalyst is 57%. Then, what is the conversion at 
WHSV Mc oH=13.76 g/ ml cath ? 
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Using the first order kinetics listed in Appendix, we obtained conversion-22%, 
Therefore, hydrogen productivity at 150ms= 13.76/32 *0.22 x3 x22400=6360 mi/mlcat.h 
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